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Endovascular creation of aortic dissection in a
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Objective: Creating an experimental model of a type B aortic dissection with a minimally invasive endovascular procedure
in swine to help future evaluation of therapies for aortic dissection.
Methods: Aortic dissection was created in 14 swine using endovascular procedures only. Under fluoroscopy, a modified
10F outer catheter with a 14G stiffening innermetallic cannula was forced via the femoral artery into the aortic vessel wall
to create an initial dissection. A .035-inch guidewire and a 4F straight catheter were advanced into the dissected space, and
the dissection was extended in a retrograde direction using a technique including loop formation of the guidewire, which
was placed carefully against the transmural penetration and extended as far as possible in the descending thoracic aorta
up to the point where loop formation of the guidewire reached smoothly. An 8F introducer sheath was advanced with a
Brockenbrough needle into the dissected space, and a proximal fenestration was created by puncturing the intima. If
required, balloon dilatation was performed to enlarge the proximal and distal tears. Aortography and contrast-enhanced
cone beam computed tomography (CBCT) were performed in addition to a detailed histologic evaluation of the dissected
portion.
Results: Aortic dissection was successfully created in 11 of the 14 swine (78.6%). Among the 11 dissections, nine were
located in the thoracoabdominal aorta and two in the abdominal aorta. The initial aortic diameter at the middle portion
of the created dissection ranged from 7.4 to 16.8 mm (mean standard deviation, 10.9  2.9), while after dissection, it
ranged from 7.8 to 19.3 mm (12.9  3.8 mm). The dissected length ranged from 4.4 to 17.7 cm (10.7  4.6 cm).
Aortography and CBCT revealed seven dissections (63.6%) with a smooth and patent false lumen. Histologic evaluation
revealed that the outer one-third of the media was separated from the inner two-thirds. In the remaining four dissections
(36.4%), imaging procedures revealed the formation of a rough and patent false lumen beside the true lumen, and
histologic evaluation revealed greater separation of the outer media. Five animals were chronic dissection models. Three
(60%) of these survived for more than 14 days without any symptoms. Moreover, completely patent true and false lumens
without thrombus formation were observed in these three animals. The aortic diameter at the dissected portion tended
to be dilated compared with the initial diameter.
Conclusions: This new technique of creating an experimental aortic dissection model in swine is promising and should
contribute to the development of future therapies for aortic dissection. (J Vasc Surg 2012;55:1410-8.)
Clinical Relevance: This study demonstrates the development of a new and attractive experimental model of type B aortic
dissection using a minimally invasive endovascular procedure in swine, which should develop new therapies and improve
the currently practiced endovascular therapies for type B aortic dissection such as stent graft placement. Previous attempts
to surgically create animal models have also had contributions but were hardly applicable due to their invasiveness.
Another advantage of this study is that it uses computed tomography as a clinically indispensable tool for the diagnostic
evaluation of hemodynamic pathology in the created aortic dissection.
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tAortic dissection, which is the most common acute
disease of the aorta, is a life-threatening condition. With
regard to Stanford type B aortic dissection, the early mor-
tality rate with medical treatment ranges from 4% to 10%,1
while that with surgical treatment ranges from 15% to
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14100%.2-4 Despite the progress in surgical techniques, peri-
perative complications and operative mortality remain
igh in patients with type B aortic dissection.5 Recently,
tent graft placement has become a popular minimally
nvasive therapy for the treatment of type B aortic dissec-
ion4-8; however, this therapeutic method has certain limi-
ations and is not yet established as a standard therapy.
here have been several attempts to create aortic dissection
odels in animals with surgical procedures; these have
ertainly contributed to the development of advanced ther-
pies.9-20 However, surgical models have had limitations in
he sense of its invasiveness. Another disadvantage is that
reating the primary tear from the outer side of the aorta
learly differs from the spontaneous aortic dissection mech-
nism that occurs from the inner lumen. Moreover, once
he primary entry tear is created, the dissected space extends
aturally and uncontrollably. This kind of method might
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Volume 55, Number 5 Okuno et al 1411fail to keep the false lumen patent, which affects the success
rate. To improve the currently practiced endovascular ther-
apies and to develop new therapies, it is necessary to create
a more convenient experimental model of aortic dissection
with a controllable and patent false lumen in animals.
Furthermore, because the pathology of an aortic dissection
involves hemodynamics, the creation of a live model is a
significant factor. Therefore, created aortic dissection mod-
els should be optimally evaluated with contrast-enhanced
computed tomography (CECT) because this is a clinically
indispensable tool for the diagnostic evaluation and decid-
ing the treatment strategy. To our knowledge, there have
been few animal models created by minimally invasive
procedures21; in addition, there are no reports of using
CECT for diagnosis. In this article, we describe the devel-
opment of a new and attractive experimental model of type
B aortic dissection using a minimally invasive endovascular
procedure in swine, which is evaluated by CECT and
correlated with histopathological observations.
METHODS
Animal preparation. All procedures described here
were performed according to the Guide for the Care and
Use of Laboratory Animals of the National Institutes of
Health. A total of 14 female swine ranging in weight from
39.4 to 67.0 kg (mean  standard deviation, 46.8  8.6
kg) were sedated (xylazine and ketamine [5 mg/kg]) and
anesthetized (isoflurane), following which they were placed
on a ventilator. The right common carotid artery (CCA)
was exposed through a median neck incision under sterile
conditions and cannulated with an 8F sheath (Medikit,
Tokyo, Japan). The 8F sheath was inserted via the bilateral
femoral arteries using the Seldinger technique, and a 120-
U/kg bolus and 30-U/min drip infusion of heparin was
administered, with additional doses as required to achieve
an activated coagulation time (ACT) of 200 seconds.
ACT was measured at 30-minute intervals.
Creation of type B aortic dissection using endovas-
cular techniques. An aortography was performed wherein
a 4F pigtail catheter (Medikit) was advanced into the
descending thoracic aorta via the right CCA. Subsequently,
the 8F sheath was exchanged for a 12F introducer sheath
(Nihon Kohden, Tokyo, Japan) via the right femoral artery.
An occlusion balloon catheter with a diameter of 9 mm
(Terumo, Tokyo, Japan) was inserted into the descending
thoracic aorta via the left femoral artery tomaintain the true
lumen during the procedure. A modified 10F outer cathe-
ter, which was cut with a scalpel to conform to the aortic
wall, with a 14G stiffeningmetallic cannula inside (Rösche-
Uchida Transjugular Liver Access Set; Cook, Blooming-
ton, Ind) (Fig 1, A, C, and D) was advanced into the
abdominal aorta through the 12F sheath. The tip of
the outer catheter was guided to the left lateral wall of the
infrarenal abdominal aorta, which was approximately 2 cm
distal to the origin of the left renal artery and forced into the
vessel wall to create an initial dissection (Fig 2). The infra-
renal abdominal aorta was targeted to gain the distance and
involve abdominal branches in the dissection. The leaning eegree of the cannula tip in the aortic wall was confirmed by
ortography in all animals.
A .035-inch guidewire (Terumo) and a 100-cm 4F
traight catheter (Cook) were advanced into the initial
issection and extended into the dissected space in a retro-
rade direction. This was done using a technique, including
oop formation of the .035-inch guidewire, which was
laced carefully against the transmural penetration and
xtended as far as possible in the descending thoracic aorta
p to the point where loop formation of the guidewire
eached smoothly (Fig 3). An 8F introducer sheath was
dvanced with a Brockenbrough needle (Medtronic Vascu-
ar, Santa Rosa, Calif) (Fig 1, B and E) into the created
issected space, and a proximal fenestration was created by
uncturing the intimal flap toward the inflated occlusion
alloon catheter as a landmark for reentry into the true
umen. Following confirmation of reverse blood flow, the
F straight catheter was exchanged for a .010-inch guide-
ire (Transend EX; Boston Scientific, Natick,Mass), which
as advanced into the true lumen through a Brocken-
rough needle. This guidewire was subsequently ex-
hanged for a .014-inch guidewire (Transend EX), follow-
ng which balloon dilatation with a microballoon catheter
diameter of 8 mm) (Sterling; Boston Scientific) was per-
ormed to enlarge the proximal tear (Fig 4).
Following balloon dilatation, aortography was per-
ormed to determine if dilatation was required at the initial
issected portion. We additionally performed balloon dila-
ion at the initial dissected site as well as in the dissected
pace to obtain sufficient luminal flow defined as equal
peed flow as in the true lumen, based on the digital
ubtraction angiography (DSA) image. Throughout the
rocedure, all dissection creation maneuvers were carried
ut via the percutaneous femoral access.
Image examinations and follow-up observations.
ostprocedural aortography was performed in all swine,
nd contrast-enhanced cone beam CT (CBCT) was addi-
ionally performed in eight (57.1%) swine. Technical suc-
ess was defined as the successful creation of a dissection as
dentified by DSA.
The angiographic procedures were performed using a
at-panel C-arm angiographic unit (Allura Xper FD20;
hilips Medical Systems, Best, The Netherlands). The aor-
ography was performed with a 15-mL contrast agent (Io-
amiron 300; Bayer-Schering Pharma AG, Berlin, Ger-
any) at an injection rate of 8 mL/s. CBCT as C-arm-
ased angiography (117-121 kVp, 231 mA, and 10-s
antry rotation time) was performed at 5 seconds after the
nitiation of a 30-mL injection of contrast agent at an
njection rate of 2 mL/s.
Nine out of 14 swine were administered an intravenous
olus of pentobarbital (75 mg/kg) and sacrificed immedi-
tely after the procedure. Follow-up observations were
onducted in the remaining five animals. The sheath was
emoved and hemostasis was achieved by manual compres-
ion. The animals were then returned to their cages, where
hey were maintained on a normal diet until follow-up
valuations. No further drugs were administered after cre-
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May 20121412 Okuno et alation of the dissection. Two of the five surviving swine died
during follow-up; the remaining three were sacrificed at 15,
15, and 28 days, respectively, after the above-mentioned
imaging procedures were performed.
Histologic examinations. For histologic evaluation,
the aorta of each swine was carefully removed with adipose
tissues by en bloc resection. The tissues were fixed in a 10%
phosphate-buffered formaldehyde solution, following
which 5-mm cross-sections were obtained and embedded
in paraffin. Subsequently, serial sections with a 3-m thick-
ness were cut and stained with hematoxylin and eosin.
These sections were examined under light microscopy by a
pathologist.
RESULTS
Of the 14 experimental swine, aortic dissection was
successfully created and confirmed by DSA in 11 (78.6%)
live swine, among which CBCT was carried out in six cases
(54.5%). DSA and CBCT examinations both revealed lu-
Fig 1. A, From top to bottom: 14 G stiffening metallic
sheath of the Rösch-Uchida Transjugular Liver Access Se
8F introducer sheath. C, Stiffening cannula provides op
10F outer catheter that is cut with a scalpel to conform to
at proximal site.minal flow with clear delineation of the septal flap in all 11 fiwine (Fig 5). Among the three cases of failure, the guide-
ire failed to return toward the true lumen in one, while
he remaining two died because of aortic rupture during
xtension of the dissected space using the loop formation of
he guidewire, despite the successful creation of an initial
issection in these two cases.
Among the 11 successfully created dissections, nine
ere located in the thoracoabdominal aorta and two in the
bdominal aorta. The initial aortic diameter at the middle
ortion of created dissection ranged from 7.4 to 16.8 mm
10.9 2.9 mm), while after dissection, it ranged from 7.8
o 19.3 mm (12.9 3.8 mm). The dissected length ranged
rom 4.4 to 17.7 cm (10.7  4.6 cm). These factors were
easured on the basis of the DSA images. Meanwhile,
alloon dilatation at the initial dissected site was performed
n seven cases (63.6%).
Five swine were followed up after the procedure.
mong these, three survived with a patent false lumen and
ere sacrificed on schedule (15, 15, and 28 days after the
ula, modified 10F outer catheter, and 10F introducer
From top to bottom: Brockenbrough needle, dilator, and
angulation to create the initial dissection. D, Modified
rtic wall.E,Brockenbrough needle to create the reentrycann
t. B,
timal
the aorst procedure, respectively). The remaining two died dur-
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Volume 55, Number 5 Okuno et al 1413ing the follow-up period (4 and 5 days after the first
procedure, respectively) because of aortic rupture into the
left thoracic space that was confirmed by autopsy. The
aortic diameter at the middle portion of created dissection
in chronic phase ranged from 14.2 to 22.3 mm (17.6 4.2
mm). Detailed results are demonstrated in the Table.
According to the DSA and CBCT evaluations, the
Fig 2. A, An intraoperative fluoroscopic image demons
lateral wall of the abdominal aorta. B and C, A schema
outer catheter is forced into the vessel wall to create the
Fig 3. A, An intraoperative fluoroscopic image demon
straight catheter and the loop formation of a .035-inch gucreated aortic dissections could be classified into two vroups. In seven cases (63.6%), aortic dissections with
mooth and patent false lumens, which were identical to
onventional aortic dissections occurring in humans,
ere demonstrated. On macroscopic examination, the
ntry and re-entry tears were linear and transversely
riented (Figs 6 and 7, A), as was predicted on the basis
f DSA and/or CBCT. Microscopic examination re-
s the tip of the outer catheter forced leaning on the left
senting creation of the initial dissection. The tip of the
l dissection.
s the creation of a dissected space using a 100-cm 4F
ire.B, A schema of the steps used during this procedure.trate
represtrateealed that the outer one-third of the media was sepa-
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May 20121414 Okuno et alrated from the inner two-thirds in these dissections (Fig
7, B). In the remaining four dissections (36.4%), the
formation of a rough and patent false lumen beside the
Fig 4. A, A fenestration from the false lumen to the tru
occlusion balloon catheter (black arrow) in the true lum
arrowhead indicates the Brockenbrough needle and the d
into the true lumen. B, Balloon dilatation of the fenestra
Fig 5. A,Aortography reveals the dissection flap (arrow) a
Cone beam computed tomography (CBCT) demonstratestrue lumen was demonstrated on DSA and/or CBCT. plthough microscopic examination revealed the location
f the dissected space in the media, the dissection plane
as located deep within the inner media compared to the
en is created using a Brockenbrough needle. Note the
f the aorta as a landmark for the point of reentry. The
arrows indicate the .010-inch guidewire that is inserted
with an 8-mm microballoon catheter (white arrow).
tension of the dissection in the thoracoabdominal aorta.B,
ortic dissection with a smooth patent false lumen.e lum
en o
oublend exrevious seven.
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Several animal models of aortic dissection have been
surgically created to improve current treatment methods
for aortic dissection.9-20 These models, however, have had
certain disadvantages. Thoracotomy and/or laparotomy
are usually necessary to create an aortic dissection model9-20;
however, such invasive surgical procedures are not suitable
for use as dissection models for medical treatment. In our
model, only endovascular procedures were used, and nei-
ther thoracotomy nor laparotomy was required. A less
invasive endovascular procedure has distinct advantages
over available invasive surgical procedures. Swine is ana-
tomically similar, although not identical, to its human
Fig 6. Longitudinal patefaction of a part of the descending tho-
racic aorta taken from a swine that was sacrificed immediately after
the first procedure. The created dissection is slightly spiral. Arrow-
head shows proximal fenestration.
Table. Characteristics of the 14 swine
No. Outcome
Initial
dissected site Re-entry point
1 Success I-RA S-RA
2 Success I-RA I-CA
3 Failurea I-RA S-RA
4 Success S-CA TA
5 Success S-CA TA
6 Success S-CA TA
7 Success S-CA TA
8 Success S-CA TA
9 Failureb S-RA TA
10 Success S-CA TA
11 Success I-CA TA
12 Success I-RA TA
13 Failureb S-CA TA
14 Success S-CA TA
Success rate: 78.5%
Balloon dilatation, Balloon dilatation at the initial dissected portion; CBCT,
inferior celiac artery level; I-RA, inferior renal artery level; N/A, not applica
Smooth, the formation of a smooth patent false lumen; S-CA, superior celia
aGuidewire failed to return toward the true lumen.
bRupture into the left thoracic space.
cDilation rate compared with preprocedure.
dTwenty-eight days after the first procedure.
e,fFifteen days after the first procedure.counterparts.22 Furthermore, small animals such as canines Sre not suitable for carrying out experiments involving
ndovascular therapy due to small aortic size.9-15,18,20 We
sed swine with a mean aortic diameter of 10.9 2.9 mm;
hus, swine should be considered a suitable model for
uture studies using endografts.
In our study, created aortic dissections were confirmed
y contrast-enhanced CBCT and DSA. In particular, CT
as been clinically established as a standard tool for the
iagnosis of aortic dissection and evaluation of its hemody-
amic pathology. In previous experimental models, no CT
mages of aortic dissection were demonstrated. To our
nowledge, our study is the first to demonstrate aortic
issection in an animal model on CT images. In light of the
emodynamic pathology of aortic dissection, it is of pro-
ound significance that a created dissection is confirmed by
T images. CBCT is now used in many clinical cases as a
seful tool to obtain CT-like images without moving the
ubject.7 It is also a promising diagnostic tool for demon-
trating images of in vivo experimental models.
Among the surgical attempts used for animal mod-
ls,9-20 various techniques have been used to create an
nitial dissection at the proximal site, including elastase
nfusion,19 normal saline infusion,17,20 using an endarter-
ctomy spatula,10-12,14 hand rubbing the initial dissected
ite to widen the tear,16 balloon dilatation combined with
olution infusion,18 and increasing the blood pressure after
urgery.10,13 With respect to creating the initial dissection,
e developed a new and attractive technique using a mod-
fied 10F outer sheath with a 14 G stiffening metallic
annula of the Rösche-Uchida Transjugular Liver Access
ht (kg)
Diameter of the aorta (mm) at the middle portion
of the created dissection
Pre Post c Chronic c
0.6 9.3 10.3 (111%) N/A
0.2 9.0 10.1 (112%) N/A
9.6 7.6 N/A N/A
9.4 7.4 7.8 (105%) N/A
9.7 7.5 8.3 (126%) N/A
0.3 8.2 10.3 (126%) N/A
2.1 12.3 15.9 (129%) N/A
7.0 16.8 19.3 (115%) 22.3 (138%)d
8.9 9.6 N/A N/A
6.2 11.8 13.2 (112%) N/A
5.8 13.9 17.0 (122%) N/A
9.3 12.1 13.8 (114%) 14.2 (117%)e
2.7 12.9 N/A N/A
4.0 13.8 15.6 (113%) 16.2 (117%)f
 8.6 10.9  2.9 12.9  .8 17.6  4.2
beam computed tomography;DSA, digital subtraction angiography; I-CA,
ough, the formation of a rough patent false lumen besides the true lumen;
y level; S-RA, superior renal artery level; TA, thoracic aorta.Weig
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May 20121416 Okuno et alinitial dissection. Moreover, it is relatively difficult to deter-
mine the depth of the intimal flap while creating an initial
dissection. Razavi et al reported a swine model created
successfully by a percutaneous procedure in 11 of 15 (73%)
animals using a Colapinto needle (Cook). However, when
the dissected space is initially created with a needle, it may
be difficult to reach the predefined position in the aorta and
Fig 7. A,On macroscopic examination, the created diss
identical to that observed in conventional aortic dissectio
dissected layer is located within the media layer (hemato
Table. Continued.
Dissected
length (cm)
Balloon
dilatation
DSA
findin
4.4  Smoo
9.0 — Smoo
N/A NA NA
9.0 — Roug
7.2 — Smoo
6.4  Smoo
15.0  Roug
14.7  Roug
N/A NA NA
7.9  Smoo
17.8  Roug
14.4 — Smoo
15.3 N/A NA
13.7 — Smoo
10.7  4.6 63.6%to keep the needle tip from inadvertently penetrating the lortic wall.21 On the other hand, in our model, it was
ossible to create a stable initial dissection, which was aided
y the use of a modified catheter.
In previous surgical models, it was quite difficult to
ontrol the length of the aortic dissection and to determine
he position of reentry at the distal site.10-16,18,20 In our
odel, however, blunt retrograde desquamation by the
n is located in the media layer of the aorta; this feature is
curring in humans. B,On microscopic examination, the
and eosin stain, 4 magnification).
CBCT
findings
Timing of
sacrifice or sudden
death
N/A Immediately
N/A Immediately
NA Immediately
N/A Immediately
N/A Immediately
N/A Immediately
Rough Rupture after 4 days
Rough After 28 days
NA Immediately
Smooth Immediately
Rough Rupture after 5 days
Smooth After 15 days
NA Immediately
Smooth After 15 daysectio
ns ocgs
th
th
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th
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fact, far more dissected length was obtained in our model
than in other similar models.9,17,19 Our method not only
rendered the blood flow in the false lumen sufficient and
stable, it also contributed to decreasing the risk of aortic
rupture, which occurred in two cases (14.3%) in our model.
Nevertheless, the incidence of aortic rupture in our study
was less common than that in Razavi’s study in which
dissection was created using an antegrade approach.21 Fur-
thermore, the use of a Brockenbrough needle under fluo-
roscopic guidance enabled us to precisely determine the
position of reentry. When major side branches exist across
the dissection space, the natural fenestration tends to be
created at the level of these branches. However, once a
stable initial dissection with optimal depth is obtained, it
becomes easy to obtain an adequate length of dissection
and determine the reentry point.
A chronic dissection is defined as that which persists
for more than 14 days after the onset of symptoms.6,22 In
our experimental model, we observed five animals with
chronic dissections. Of these, three (60%) survived for
more than 14 days without any symptoms. Moreover,
completely patent true and false lumens without any
thrombus formation were observed in these animals.
Furthermore, the aortic diameter at the dissected area
was dilated when compared with the initial diameter.
These findings indicate that our model is a promising
animal model for chronic dissecting aneurysms. We ad-
ditionally performed balloon dilatation at the entry site
and in the false lumen, in case a lack of significant blood
flow in the false lumen was observed on DSA. The size of
the entry and reentry points may affect chronic aneurysm
formation. We are currently planning to create a chronic
dissected aneurysmal model in swine on the basis of the
same method, as further evaluation is necessary to deter-
mine its effectiveness.
This study had some limitations. First, there was a
steep learning curve to master the technique of creating
an initial dissection with a modified catheter and extend-
ing into the dissected space. The determination of the
depth of penetration into the aortic wall depends on the
leaning degree of the cannula tip into the aortic wall;
however, it was difficult to evaluate the exact values.
Moreover, to obtain a stable aortic dissection, it is im-
portant to adjust the modified sheath to an optimal
depth. In our study, four of 11 (36.4%) animals revealed
greater separation of the outer lumen from the true
lumen; furthermore, the depth of the dissection plane
was varied and unstable in each animal. The properties of
the false lumen mainly depend on this technique; there-
fore, continuous improvements in this technique are
necessary. Second, although dissection was created in a
retrograde direction in our model, spontaneous type B
aortic dissections usually develop in an antegrade direc-
tion by beginning proximally and extending distally.
This spontaneous mechanism affects the hemodynamic
nature of aortic dissections, especially in branch vessel-
compromised and rupture cases.8,23,24 In addition, while
1ur model can contribute to the development of new
herapies, it cannot clarify any of the questions related to
he pathology of aortic dissections. Third, our model was
reated using healthy swine, but dissection mostly occurs
n cases of hypertension and is affected by diseases such as
therosclerotic change and degenerative changes of the
edia.19 It would, therefore, be useful to develop dis-
ection models using animals having these comorbid
llnesses.
In conclusion, the features of our new experimental
issection model, which was created in healthy swine,
re, in terms of appearance at imaging, similar to those of
onventional aortic dissection occurring in humans. This
odel is promising and should contribute to the devel-
pment of advanced therapies for aortic dissection.
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